Abstract To improve the learning experiences for third year medical students, a case-based training program based on real patient records has been introduced as a supplement to lectures. It was built with the novel training environment d3web.Train. Optimization of the learning environment d3web.Train for both teachers and learners has been considered as equally important and offers several trade-offs. The training program has been evaluated during three subsequent rheumatology courses, the first one voluntary and the latter two mandatory. For each course, we tracked how often and intensive each student used the system. In addition, the students answered questionnaires about their expectations and experiences. In the first voluntary course, 39/92 students finished at least one case and solved 187 cases in total (average: 4.8 cases from 12 cases available). In the second and third mandatory courses, all students (60 resp. 56) finished at least the required 20 cases with an average usage of 22.5 resp. 29.3 out of 31 available cases. Most of the cases were processed twice by the students in preparation for the final examinations. A positive correlation between processed cases per student and the exam score could be shown (30, 73 and 95% in the first, second and third courses, respectively). The findings clearly exceeded the expectations of the students concerning its usefulness as a supplement to lectures and as good preparation for their job as physician, as well as the learning period to use the program. For working through one case, students needed about 9 min on average. The case-based training system d3web.Train offers a new tool for medical education in rheumatology. The main advantage of the system is the relatively low effort needed to create a case-based program starting from the available dismissal records.
Introduction
Lectures are one of the most important tools in medical education. In addition, students receive bedside teaching, seminars and participate in rounds. Furthermore, the study of medical textbooks is used to achieve medical knowledge. However, careful patient evaluation, assessment of clinical investigations and developing the differential diagnosis of a disease are hard to learn.
The ''new media'', including digital imaging and the World Wide Web, offer new opportunities for medical education and training in rheumatology [1] . Very promising examples are Web-based portals, which offer information and knowledge not only for patients, but also for physicians [2] . Other examples are case-based training systems which have already been used in the medical training of students. These interactive systems are valuable tools in medical education and were highly appreciated by students [3] [4] [5] [6] .
In 2002, the guidelines for medical education in Germany were changed. Since then, medical education is less focused on multiple-choice questions and more emphasis is given to the students' capability to develop complicated differential diagnosis of a patient [7] . In order to achieve this goal, problem-oriented and casebased learning is highly appreciated. Since patients are not always available, development of case-based training systems for medical education in rheumatology has been highly recommended [8] .
Therefore, we developed a new case-based training program based on the tool d3web.Train and used it in addition to the conventional rheumatology lectures. In this paper, we present results of the evaluation of the case-based training program.
Methods
The training system d3web.Train d3web.Train [9] is a tool to develop intelligent casebased training systems provided in the Web with the aim to give students an opportunity to play the role of a remote doctor working on an electronic patient record (EPR). To achieve this goal d3web.Train enables a student to do five kinds of tasks repeatedly: (1) to order examinations, (2) to interpret results (e.g. pictures like a radiograph), (3) to choose a diagnosis, (4) to make treatment decisions and (5) to plan follow-up treatment. In a prestudy [10] to this evaluation, students acknowledged the task types 2 and 3 most. Therefore, only these two tasks types were activated. Figure 1 gives an impression of the user interface to the training system and the tasks a student has to work on. The user gets data about the patient successively (upper screen, right side in Fig. 1 ), split to the tabs ''Medical history'', ''Physical examination'', ''Laboratory parameters'', ''Technical tests'', ''Special technical tests'', and has to enter his or her current diagnoses (upper screen, left side). Some patient data comprehend multimedia information, which the student has to interpret by answering a multiple-choice question (e.g. the images of the physical examination in the right lower screen).
The authoring component of d3web.Train The d3web.CaseImporter module of d3web.Train, based on our open source information extraction engine Phoenix (C. Betz, personal communication), allows a faculty teacher to create a new case from a patient dismissal record by annotating it with little additional information in a standard text system (e.g. Microsoft Ò Word). The dismissal record, to start with, should already contain the final diagnoses and results of all tests. The teacher adds the hierarchy of diagnoses in the domain, from which the student has to choose (part of them are shown in the upper screen on the left side in Fig. 1) , and the list of available tests together with their arrangement in tabs. Furthermore, he adds intermediate diagnostic results and multimedia information by annotation. If the latter are pictures, they are simply copied into the medical record together with the correlating multiple-choice questions (left part of the lower screen in Fig. 1 ). Finally, a short introduction to the case and a pedagogical case discussion shown at the end of a training session should be added. The edited record is uploaded via a Web interface to d3web.CaseImporter, which generates a case presentation as shown in Fig. 1 automatically and adds it to the pool of case presentations of d3web.Train. Students were asked to fill in two online questionnaires during their work with the case-system: one question on each case and one question on the training system overall. Both questionnaires were answered by about one-third of the students.
At the end of the rheumatologic lectures, students were asked to write a voluntary 15 min exam consisting of two cases and six ''case-oriented'' multiple-choice questions. For example, we showed some key symptoms of a patient and asked for the most reasonable diagnosis. About 40% of the students participated in the exam.
The training scenario 2 (course in rheumatology, allergology and immunology) Due to the new medical curriculum, a course in rheumatology combined with allergology and immunology was set up at the Wu¨rzburg University with 15 lectures during one semester. Accordingly, 31 training cases were built to supplement the content of the course. They had the following topics:
Six cases for allergology:
• Allergy type I against insulin/protaminsulfate • Allergy type I-anaphylaxy • Allergy type III-IgG, immunocomplex-type, exogenallergic alveolitis • Allergy type I against food (two cases)
• Allergy type I-seasonal asthma bronchiale Four cases about immunodeficiency syndrome:
• Infantile x-chromosomal inherited agamma-globulinemy type Bruton (XLA)
Twenty-one cases about rheumatologic diseases:
• Rheumatoid arthritis (four cases, one of them early RA) • Systemic lupus erythematosus (three cases) • Ankylosing spondylitis (M. Bechterew) (two cases)
• Psoriatic arthritis (two cases, one of them with psoriasis vulgaris) • Raynaud syndrome (two cases, one of them with PSS/ CREST) • Wegener's granulomatosis (one case)
• Fibromyalgia (one case) • Behcet's disease (one case) • Antiphospholipid syndrome (APS) (one case) • Polymyalgia rheumatica (one case) Here we report about two subsequent mandatory courses in winter 2004/2005 and summer 2005 each with about 60 students in their third year. To be qualified for the final examination, they had to work through at least 20 of the cases. Cases were to be solved with a performance of at least 60%. The ''help function'' could be used without real penalization. This guaranteed a certain minimal involvement in the cases. The final paper-based examination consisted of two parts: four reduced training cases and ten multiple-choice questions. During the evaluation, the following data were obtained: the number of cases each student solved, two paper-based questionnaires at the beginning and at the end of the course about students' expectations (7 questions) and experiences (30 questions in the first course; 20 questions in the second course) with the training cases, an online questionnaire with two questions about each individual training case they solved and the results of the final examination. The questionnaire with the expectations had a return rate of approximately 50%, the other questionnaires of close to 100%.
Results

Student technical equipment
The technical equipment was asked only in courses 2 and 3; 86% (second course) resp. 91% (third course) of the students had their own computer, and nearly all students had access to the Internet. Their Internet-competence selfassessment was medium: 8.7 (second course) resp. 9.6 (third course) on a scale from 1 (beginner) to 15 (expert).
Case usage
The usage of the cases was voluntary in course 1 and mandatory in courses 2 and 3. Case usage statistics reflect this difference: in the first course 39/92 students processed at least one case and solved 187 cases in total, i.e. on average each student processed 4.8 cases (min 1, max all 12 cases). For working on one case, the students needed 12 min on average with a standard deviation of 8 min. These data were extracted from a log-protocol of each session. In the second and third courses, all students solved at least the 20 mandatory cases. In total, they solved 22.5 resp. 29.3 different cases (min 20, max all 31) on average. Each case was worked on twice on average, often a first time when the case was published and a second time shortly before the final examination. The difference between courses 2 and 3 (22.5 vs. 29.3 from 31 cases) might be explained by a different publishing schedule: In the second course, many cases were published lately near the end of the term, while in the third course, the cases were published earlier, so that students had more time to work on the cases.
For working on one case, students needed 7.9 (±5.4) in course 2 resp. 8.9 (±7.0) min (course 3) on average. Of course, duration also depends on the type and order of the case. Figure 2 (left) shows the average processing time per case for the third course (evaluation of the second course revealed similar results). Cases are ordered according to their publishing date; the first 21 cases belonged to the rheumatologic part of the course, the next 4 to the immunologic and the last 6 to the allergologic part. Solving the first cases lasted slightly longer compared to the following, probably due to getting used to d3web.-Train. Most of the immunologic and allergologic cases were more simple compared to the rheumatologic case and therefore took less processing time on average. Figure 3 shows details about the frequency of processed cases per day in a logarithmic scale. This figure counts multiple processing of a case per student. It shows that towards the examination date at the end of the course, the number of processed cases skyrocketed since the students repeated most of the cases before the examination.
Students' expectations before program use
Students were asked for their expectations before courses 2 and 3. They welcomed the electronic training programs as a supplement to lectures with 11.5±3.2 (mean and standard deviation) on a scale from 1 to 15 (15 being the best grade) resp. 11.7±2.2 (third course) and expected to be better prepared for their job as a physician with a score of 10.0±3.3 on a scale from 1 to 15 resp. 10.7±2.4 (third course). The slightly better rating before the third course might be explained by word of mouth advertising from participants of the second course to those of the third course. Only 25% (course 2) resp. 35% (course 3) was worried about needing too much time. On average, students judged a period of 10-30 min as adequate for getting acquainted with the program (54% in second course resp. 61% in third course) with about the same percentage accepting shorter or longer learning periods.
Students' experience
The experiences after finishing the course were asked in all three courses. The results of the first course are shown in Fig. 3 , the second and third course in Figs. 4 and 5. All ratings were in the range of the school grades ''very good'' (1 on a scale from 1 to 5; 15 on a scale from 1 to 15) and ''good'' (2 on a scale from 1 to 5; 11.5 on a scale from 1 to 15). The grades for design of the graphical user interface (GUI) and the usability of d3web.Train slightly increased from the first to the third course, probably due to minor improvements implemented in the GUI based on feedback from the previous course. Students considered the program as a very useful complement to the lecture and valued it as a good preparation for their job as physicians. A particularly important item is the learning period to get acquainted for effective use of the program. While in the first course, we only asked for a school grade (2.0), in the subsequent courses we asked more details about the duration of the learning period and if there remained difficulties regarding usage of the program. The results are shown in Fig. 5 : most of the students needed up to 30 min for orientation with only one-third resp. one-sixth of the students reporting some difficulties after orientation. Instructiveness of the individual cases was judged by the students as good or very good (about 1
Correlation of case processing with examination results
The final part of our evaluation correlates the number of processed cases and the results in the final examination of the three courses (Fig. 6) . While the examination results are quite well in all courses (even in the first voluntary), i.e. above 80% of the maximum score, the examination score increased from 84.2±10.1% (standard deviation) in the first course via 91.1±18.1% in the second course to 96.2±5.0% in the third course. This correlates with an average number of processed cases from about 30% in the first course via 73% in the second course to 95% in the third course.
Discussion
Case-based learning offers new opportunities to optimize student education. Therefore, we developed a casebased learning system as a supplement to lectures and bedside teaching in rheumatology. We used the training environment d3web.Train, which is a novel tool, to develop a case-based system in a time saving manner [10] . The system allows usage of an authentic patient dismissal record, written in a standard text system. The total time for case editing was a few hours depending mainly on the sophistication of the final pedagogical case discussion and the number of pictures per case (up to 21).
The system has been used in three subsequent rheumatology courses up to now, and the average number of processed cases per student increased, as did the exam results (Fig. 6 ). These numbers indicate that case processing is a good preparation for the examination. Comparing the expectations of the students to their experiences, the program clearly exceeded the relatively high expectations. Even the typical fear with e-learning programs, a long learning period of how to use the Fig. 3 Subjective opinion of the students in the first course (n=24) concerning the training system (mean and standard deviation, 1 being the best grade)
program, did not realize. While about 30% of our students expected a learning period longer than acceptable to them, about 85% needed less than 30 min to get acquainted with d3web.Train (Fig. 5) . Similarly, positive expectations concerning the usefulness of the program were surpassed by experiences: ratings increased from 11.6 to 13.4 as useful supplement to the lectures and from 10.4 to 12.0 as preparation for their job as physicians. Both gradings indicate students' high satisfaction with the training system. Students' satisfaction is in accordance with the evaluation of the case-based training system ''Rheumatrainer'' [11, 12] . However, the assessment of our program is slightly better in all investigated subjects as with ''Rheumatrainer''. This might be due to the better acceptance of this learning method and the simpler user interface of d3web.Train.
Our results are in accordance with many other studies about medical case-based training programs, e.g. in paediatrics with CAMPUS [13] , in surgery [14] or in a variety of medical subjects with CASUS [4] . However, until now highly interactive case-based training systems needed an enormous amount of time to create single cases. Therefore, the relation of benefits versus costs to create a case-based training program is very important.
Background knowledge is available as an option, but it is not integrated into the case. This offers the advantage that those students wanting to check their diagnostic knowledge with case studies can process cases quite fast. This procedure seems to be well accepted by the students, who needed only 9 min on average to solve a case (Fig. 2) . The low amount of time to process a case resulted in a high number of processed cases. This is in contrast to other known case-based training systems mentioned above, where the average time to process a case is much longer (average time to process a case in the training system CASUS was 43 min per case [4] ).
Besides the motivation of students, we also tried to measure the learning effects of case-based training systems by correlation of the number of cases processed with the examination score. Although with our data it is not possible to calculate a meaningful correlation, the students perceived it very useful to prepare themselves by processing the cases (most even twice), and the exam results in the second and third mandatory courses are very satisfactory (due to the new design of the course, there are no former examinations for comparison).
In summary, our results show that the novel d3web.Train system enables the academic teacher to generate a fast and flexible case-based training system in rheumatology. The case-system is welcomed as an addition to conventional teaching methods and perceived as useful for preparation as a physician by medical students. We expect that electronic training cases will be a standard supplement in many medical courses in the near future. Fig. 4 Subjective opinion of the students in courses 2 and 3 (n=60 resp. n=56) concerning the training system (15 being the best grade) learning period < 10 min 10-30 min > 30 min difficulties for orientation afterwards course 2 52% 37% 11% 33% course 3 38% 46% 16% 17% Fig. 5 Duration of learning period and difficulties with using the programme (second and third courses, n=60 resp. n=56) 
